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Abstract. Ecological patterns exist within urban landscapes. Among urban patterns of biodiversity,


species occurrences may coincide with interactions between humans and wildlife. However, research


focused on consequences of human reaction to interactions with wildlife is limited. We evaluated landscape


characteristics of rodent control behavior across two urban landscapes in California, Bakersfield, and in


proximity to Santa Monica Mountain National Recreation Area (SAMO). Our data were collected prior to a


recent policy ruling limiting distribution of particular rodent control products. In both locations, local


biologists have observed non-target effects of rodent control products among local carnivores. Mice and


rats were among the species most targeted in both locations, but squirrels and gophers also were common


targets in SAMO. Carnivore species identified by biologists were among those also reported by residents as


targeted for control. In both locations, those who reside in single-family structures and among lower-


density development were more likely to practice rodent control. Species targeted varied by distance to


open space in both locations, but by development density in SAMO only. In Bakersfield, control was


distributed across the study area, but one cluster of control existed among mainly lower-density, single-


family residences. In SAMO, clusters of both control (n¼ 2) and chemical use (n¼ 3) existed among single-


family, lower-density areas in proximity to wash channels and relatively lush vegetation. Our results


suggest possible pathways for contact between wildlife and rodent control products, but causal linkages


between the two are beyond the scope of our data. Similar to other urban ecological processes, human


responses to interactions with ecological phenomena may occur at both fine and landscape scales.


Furthermore, our results suggest a possible feedback loop of interacting ecological and social phenomena


that may provide information about human activities affecting urban wildlife populations.


Key words: human dimensions; landscape ecology; pest control; pesticides; rodenticides; wildlife management; urban


ecosystems.
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INTRODUCTION


In urban landscapes, humans influence eco-


systems as a result of land cover and land use


conversion (Theobold et al. 1997, McKinney


2002, Faeth et al. 2005, Grimm et al. 2008),


modification of biophysical and ecological pro-


cesses (Arnold and Gibbons 1996, Pickett et al.


1997, Collins et al. 2000, Grimm et al. 2000, Paul


and Meyer 2001), and alteration of species habitat
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and assemblages (Hope et al. 2003, Faeth et al.
2005). Research documenting relationships be-
tween urbanization and declining biodiversity,
habitat degradation, policy, and human health
often focuses on industry and transportation
(Holdren and Ehrlich 1974, Gill and Elliott
2003, Naylor et al. 2003, Bell et al. 2004, Hadley
and Wilson 2004). Although resident population
is the metric used to define city size (U.S. Census
Bureau data), few studies have focused specifi-
cally on residential components of urban ecosys-
tems. With the ongoing rural-to-urban-and-
suburban population shift (Hobbs and Stoops
2002, McKinney 2002), and spatial dominance of
residential development, there is a need to
understand the extent that residents recognize
impacts they have on their local environment.
This understanding may lead to better outreach
and regulation that meets the needs of both
humans and other species.


Within urban systems, the presence and
adaptation of wildlife and conflict with humans
(Luniak 2004, DeStefano and Degraaf 2003, Gehrt
et al. 2010) is a consequence of broadly shared
resource needs (e.g., O’Donnell and DeNicola
2006, Hill et al. 2007, Krester et al. 2008, Hostetler
and Drake 2009). For instance, residential land
management (Lepczyk et al. 2004b), intentional
feeding (Fuller et al. 2008), and presence of exotic
species (Crooks and Soulé 1999, Baker et al. 2005)
may enable potential for conflict between hu-
mans and wildlife. Although it is known that
residential activities can impact wildlife (e.g.,
Lepczyk et al. 2004a, b, Faeth et al. 2005), research
focusing on effects of such activities is limited
(Liu et al. 2003).


Background and context
Pest control is one method by which humans


may respond to conflict with wildlife. Regardless
of location, control often focuses on synanthropic
exotics, such as black or Norway rats (Rattus
rattus and R. novegicus, respectively) and house
mice (Mus musculus). However, control may also
target native species, such as gophers (e.g.,
Thomomys spp.) and moles (e.g., Scapanus spp.).
Regardless of target, the products used for
control can be indiscriminant, resulting in im-
pacts to non-target species.


In this study, we evaluated characteristics of
pest control across two urban landscapes. Of


particular interest were mammals as targets and
use of chemical products, specifically anticoagu-
lants. Active anticoagulant ingredients, which
inhibit the clotting of blood (Amdur et al. 1991),
include warfarin, brodifacoum, and bromadio-
lone (USFWS 1993). Such compounds intended
for household use (indoor and outdoor near
structures) are marketed under a variety of trade
names. Exposure of non-target species may occur
by direct consumption (e.g., Eason and Spurr
1995, Brakes and Smith 2005), ingestion of non-
absorbed compounds within the digestive tracts
of prey (Howald et al. 1999), or indirect exposure
during consumption of contaminated prey (e.g.,
Alterio 1996, Berny et al. 1997, Eason et al. 1999).
Anticoagulants can increase risk of mortality
among non-target species, but there is almost no
knowledge about the mechanisms by which they
travel through the environment, locations of use,
and target species (Erickson and Urban 2004),
and little information about general product use
(e.g., US EPA 1979, Wilen 2001, Erickson and
Urban 2004).


Observed non-target mortality from anticoag-
ulants is a global phenomenon (Eason and Spurr
1995). In Europe, Brakes and Smith (2005)
reported small mammals consuming bait during
routine rat control, which severely affected small
mammal populations. Residues have been re-
ported in avian and terrestrial predators in
Europe (Shore et al. 2003, Fournier-Chambrillon
et al. 2004, Walker et al. 2008) and Asia (Duckett
1984). In Canada, use of brodificoum for rat
eradication presented obvious exposure to avian
scavengers (Howald et al. 1999, Albert et al.
2010). Non-target mortality has been observed
among raptors, other birds, and mammals in
New Zealand (Dowding et al. 1999, Eason et al.
1999, Eason et al. 2002) and the United States
(Littrell 1988, Stone et al. 1999, Riley et al. 2003,
Riley et al. 2007, McMillin et al. 2008). Although
these reports highlight non-target effects, we are
unaware of any research within a landscape
context, and have limited knowledge about the
role of urban residents as potential contributors
to the issue (Wilen 2001).


A 2008 Environmental Protection Agency
(EPA) federal ruling limits the sale and distribu-
tion of 10 anticoagulant rodenticides in the
United States in an effort to minimize potential
for exposure by children and non-target wildlife
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(US EPA 2008). New requirements include
minimum package size requirements, use site
restrictions, sale and distribution restrictions, and
use of bait stations for outdoor above-ground
application (US EPA 2008). Our research is the
first attempt to evaluate rodent control and
anticoagulant product use across a landscape,
and our data were collected prior to the 2008
ruling. Our objectives were to (1) identify species
targeted for control and whether our carnivores
of interest are among them, and (2) evaluate
relationships between landscape characteristics
and control behavior.


METHODS


Study area
Our study area included two urban locations


in California, USA, where local biologists have
observed non-target impacts on several species
(Fig. 1). One location is within the southwestern
section of Bakersfield, delimited by the channel-
ized Kern River and Highway 99. Land use
included mixed-density residential development
and related services (e.g., shopping plazas), golf
courses, a small university campus, and some
industrial development. A species of particular
interest is a local urban population of San
Joaquin kit fox (Vulpes macrotis mutica; e.g.,
Bjurlin et al. 2005), a federally endangered
species that has experienced mortality from
exposure to anticoagulants (McMillin et al. 2008).


The other location straddled the Ventura-Los
Angeles County border in proximity to the Santa
Monica Mountains National Recreation Area
(hereafter SAMO). This area consisted particu-
larly of low- and medium-density residential
development interspersed among natural areas,
residential services, a golf course, and limited
industrial areas. Species of particular interest
include bobcat (Lynx rufus), coyote (Canis latrans),
and mountain lion (Puma concolor), which have
been observed as having anticoagulant residues
in their tissues; toxin load was directly related to
use of developed habitat by two of these species
(Riley et al. 2003, Riley et al. 2007).


We received evidence of anticoagulant-related
mortality from local biologists, as determined by
necropsy analysis (Riley et al. 2007, McMillin et
al. 2008). Biologists also provided locations
where dead animals were found (e.g., in dens)


and associated estimated home range areas and
movements as gathered by radiotelemetry (B.
Cypher, Endangered Species Recovery Program,
California State University Stanislaus, personal
communication; S. P. D. Riley, National Park
Service, personal communication; sensu Riley et
al. 2003). This information allowed us to identify
residential areas to target for information about
rodent control. We incorporated this knowledge
into ArcView GIS 3.2 (Environmental Systems
Research Institute, Redlands, California, USA), to
establish boundaries of extents (sampling areas)
based on major roads.


Data collection
Residential rodent control behavior.—A mail


survey was used to collect information about
residential pest control behavior. The sampling
frame was the list of all residential street
addresses within our study extents, and the
sampling unit was the individual household.
We purchased street address information from
Marketing Systems Group (Fort Washington,
PA), which compiles datasets from U.S. Postal
Service delivery sequence files. We excluded PO
boxes, seasonal homes, and mail drops (single
delivery points for multiple addresses) because
of our need to apply data to a spatial context. The
Office of Management and Budget (Control
Number 2080-0077), Office of Human Research
Ethics at University of North Carolina-Chapel
Hill (IRB # 08-0775), and Office of Research
Integrity at Oregon State University (IRB # 4442)
granted permission for use of human subjects.


Multiple mailings and a toll-free number for
participant questions were used in an effort to
increase response rate (Dillman 2000). Sample
size was based on desired sampling error (65%)
and statistical power (80%), and we assumed
lower-than-average response rate because of
survey administration by a government agency
(Dillman 2000). In September 2007, both English
and Spanish versions of questionnaires were sent
to randomly selected households in both loca-
tions (n ¼ 4,000 per site, N ¼ 8,000). The overall
response rate for the survey was 25% (n¼ 2,001;
Bakersfield ¼ 780; SAMO ¼ 1,221). Morzillo and
Mertig (2011a) provide further details about
surveys returned incomplete, non-respondents,
and the non-response follow-up. Ultimately,
responses from Bakersfield and SAMO were
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evaluated separately because of demographic
differences between the two locations (Morzillo
and Mertig 2011a).


We used a two-step process to identify
chemical product users among our respondents.
First, we identified control behavior participants
by selecting those who answered ‘‘yes’’ to the
question, ‘‘Have you or anyone else tried to
control rodents or other animals on your prop-
erty’’ (within the past five years; Bakersfield n ¼
320, SAMO n ¼ 720). Second, we identified
chemical product users by selecting those who
answered ‘‘yes’’ when asked if chemical roden-
ticides have been used on their property (Bakers-
field n¼ 141, SAMO n¼ 338). Chemical product
users then were asked to select all products used
from among: (1) anticoagulants, (2) dehydration,
(3) fumigants, (4) nerve agent, (5) zinc phos-
phide, (6) unsure, and (7) other. Examples of
each chemical were provided to assist subjects
with product identity. Responses were coded
such that 1¼ use of each chemical (1–7), and 0¼
non-use, and allowed us to identify anticoagulant
users specifically.


Target species.—To evaluate target species, we
asked, ‘‘Which of the following types of animals


have you or someone else been trying to control
on your property?’’ Respondents were asked to
select applicable species from a list provided on
the survey (Appendix A). We also provided
space to specify ‘‘other’’ wildlife not included in
the list. All non-mammal species (e.g., cockroach-
es, rattlesnakes) not pertinent to our objectives
were removed from further analysis.


Background variables.—We used eight demo-
graphic and seven behavior variables to evaluate
respondent characteristics (variable names in
parentheses; Appendix A). Demographic vari-
ables included household size (Hhsize), children
in household (Children), residential tenure (Ten-
ure), home ownership (Own), sex (Sex), age
(Age), education (Education), and household
income (Income).


Of the seven behavior variables (Appendix A),
three focused on pets: presence of pets (Pets),
whether pets are allowed outdoors unsupervised
(PetsUnsupOut), and whether pets are fed
outdoors (PetsFeedOut). The other four activity
variables were based on knowledge that individ-
ual behaviors often are directly associated with
personal emotional relationship with the envi-
ronment (Hinds and Sparks 2008), and included


Fig. 1. Study areas in California, USA (adapted from Morzillo and Mertig 2011b).
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participation in environmental service activities
(EnvService), participation in wildlife-related
activities (WldfAct), importance of environmen-
tal amenities in location of residence (NatReside),
and concern about non-target effects (Concern).
Morzillo and Mertig (2011a) provide details
about data reduction techniques, scale construc-
tion, and creation of behavior variables.


Landscape variables.—We evaluated relation-
ships between residential control behavior and
four urban landscape variables: building age,
building structure, development density, and
distance from open space (Appendix B). Based
on correlations between building age and pest
presence (Turner and Bishop 1998, Berkowitz et
al. 2002), we hypothesized that residents in older
buildings would be no more likely to practice
control than those in newer buildings. Berkowitz
et al. (2002) also reported greater pest control
among apartment buildings than houses, and so
we hypothesized a greater likeliness of pest
control among multiple- than single-family
structures. More broadly, Adgate et al. (2000)
suggested no differences in pesticide use patterns
between urban and rural census tracts. However,
ecological processes within urban systems are
spatially heterogeneous (Pickett et al. 1997,
McKinney 2008). Therefore, we suspected that
human responses to ecological processes may
follow patterns similar to the processes them-
selves, and hypothesized that residents among
lower density development and closest to open
space are more likely to practice control.


For Bakersfield, building age and building
type were derived from the Kern County Land
Assessor’s Office database (http://www.recorder.
co.kern.ca.us/index.php; Appendix B). All land
use information for Bakersfield was obtained
from the Kern County Development Services
Agency (http://www.co.kern.ca.us/gis/) GIS da-
tabase. Residential development density was
defined by the five-class Kern County general
land use designations. Overlapping classes sig-
nifies that some mixed densities existed within
the same block. All open space maintained
relatively urban characteristics (i.e., ‘‘altered
open space’’) and included vacant lots along
Kern River, parks and recreation areas, and
schoolyards.


For SAMO, building age and building type
were derived from the Los Angeles (http://


assessor.lacounty.gov) and Ventura (http://
assessor.countyofventura.org/) County Asses-
sor’s Office databases. Building age and type
were calculated similarly as for Bakersfield
(Appendix B). Land use data for SAMO were
obtained from the National Park Service (D.
Kamradt, National Park Service, personal commu-
nication) and the National Land Cover Dataset
(Fry et al. 2009). Residential density was deter-
mined based on existing designations. Open
space included two categories: natural areas
(e.g., county parks, National Recreation Area
units) and ‘‘altered open’’ (golf courses, devel-
oped parks, schoolyards). To account for man-
agement differences, we completed calculations
for natural areas alone (‘‘natural’’), and all open
space collectively (‘‘natural plus altered’’).


Statistical analysis.—SPSS 16.0.1 (SPSS, Chica-
go, Illinois, USA) was used for to evaluate
relationships between survey responses and
landscape variables. Pearson’s r and chi-square
were used to test bivariate relationships, as
appropriate (Sokal and Rohlf 1995). Alpha values
were defined at the 95% confidence interval (a¼
0.05).


To define scale of and evaluate spatial distri-
bution of control behavior, ArcGIS 9.3.1 (Envi-
ronmental Systems Research Institute, Redlands,
California, USA) and Moran’s I test (Moran 1950,
Fortin and Dale 2005) were used to quantify a
global spatial autocorrelation, with the null
hypothesis of a random spatial pattern. Essen-
tially, Moran’s I allowed us to identify whether
the pattern of values across the study area tend to
be clustered, random, or dispersed. The inherent
clustering of humans and our use of human
activity as the variables of interest necessitated
identification of a neighborhood-sized scale.
Because neighborhoods were adjacent to each
other, we conducted the Moran’s I analysis at 100
m intervals, starting at 100 m and ending at 2,000
m from each respondent practicing control. The
resulting Moran’s I Z-scores from each distance
were graphed to define the distance that loca-
tions of respondents maintained the greatest
amount of autocorrelation.


Because global statistics such as Moran’s I are
designed only to evaluate general autocorrelation
of a particular landscape pattern, an additional
test was needed to evaluate ‘‘membership’’ of
individual respondents among those with similar
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control behavior (i.e., at the appropriate scale of
the behavior). Therefore, we used the Getis-Ord
test (G(i )*; Getis and Ord 1992) to evaluate
details of clustering of control behavior at the
scale of control behavior. Respondents who
practiced control and used chemicals served as
two feature classes of interest. For large n sizes
(i.e., .30), Getis and Ord (1996) suggest a
distance band that includes at least 30 neighbors.
A Zone of Indifference conceptualization of
spatial relationships was selected because it
allows the minimum number of neighbors to be
met, and does not establish a finite boundary on
neighbors that fall near the edge of the distance
band. Respondents near the edge of the distance
threshold influence group membership within
the distance threshold, which is important for
high concentration areas. The threshold distance
value (greatest amount of autocorrelation) was
defined by Moran’s I results (above). G(i )* values
with Z . 1.96 were considered significant at the
95% confidence level, and suggested rejection of
a null hypothesis (i.e., distribution containing no
clusters).


RESULTS


Target species
For both locations, rats and mice were the


species controlled for most frequently (Fig. 2).
Squirrels, gophers, and rabbits were controlled
for by at least 15% of respondents in SAMO. A
variety of ‘‘other’’ target species were identified,
including kit fox in Bakersfield and the three
carnivore species of interest (bobcat, coyote,
mountain lion) in SAMO (Table 1).


Sample characteristics across the landscape
For Bakersfield, average (6SD) residential


structure age was 23 (614) years. A majority
were single-family residences (80%), and among
low (70%) and high-medium (18%) density
categories. Average distance to open space was
290 (6197) m. Respondents with larger house-
holds, children in the household, younger re-
spondents, those with less formal education, and
those with lower incomes were more likely to
reside further from open space (Table 2). Smaller
households, households without children, those
with shorter tenure, renters, younger residents,
as well as those with lower incomes, without pets


(and who do not let pets outside unsupervised or
feed pets outside), participate less in wildlife-
related activities, and have greater concern about
non-target effects were more likely to reside
among greater development density.


For SAMO, average residential structure age
was 28 (619) years. A majority were single-
family residences (73%), and among medium-
(62%) and high- (28%) density categories. Aver-
age distance to natural plus altered open space
(112 6 106 m) was less than natural open space
(127 6 106 m). Respondents with longer tenure,
less formal education, lower incomes, those who
leave pets out unsupervised, and those who
considered natural amenities to be less important
were more likely to reside further from open
space (natural or natural plus altered; Table 2).
Older residents were more likely to be further
from natural areas. Those less likely to own their
own homes and participate in environmental
service activities were more likely to be further
from open space. Smaller households, those with
children, newer residents, renters, females, youn-
ger residents, those without pets (and who do
not let pets outside unsupervised or feed pets
outside), those less likely to be involved in
environmental service activities, and those most
concerned about non-target impacts on wildlife
were more likely to reside among greater
development density.


Landscape characteristics affecting control behavior
For Bakersfield, neither control (r ¼ 0.04, p ¼


0.29), nor chemical use (r¼�0.04, p¼ 0.32) varied
with building age. However, those in single-
family structures were more likely to control (v2


¼ 11.42, df¼ 1, p¼ 0.001) and use chemicals (v2¼
8.33, df ¼ 1, p ¼ 0.004) than those in multiple-
family structures. Distance from open space did
not vary between those who do and do not
control (r ¼ 0.01, p ¼ 0.72), or use chemicals (r ¼
�0.12, p ¼ 0.10). Across all respondents who
control, distance to open space did not differ for
those who target mice, rats, or gophers; those
targeting squirrels were more likely closer to
open space (r ¼ 0.14, p ¼ 0.009). Respondents
practicing control were more likely to reside
among lower density development (r¼�0.11, p¼
0.003); this relationship did not hold true for
chemical users (r¼�0.04, p¼ 0.61). Compared to
all respondents who practice control, species
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controlled for did not vary across development
density. Density and distance were not correlated
(r ¼�0.04, p ¼ 0.25).


Also for Bakersfield, we rejected our null
hypothesis that control was randomly distribut-
ed (Z¼ 1.95, p¼ 0.05); maximum autocorrelation
existed at a distance of 1,800 m (Fig. 3). Although
no prominent clusters emerged for chemical use,
one prominent cluster emerged for control (n ¼
95). This cluster corresponded to both the
western boundary of the extent, and was in


proximity to both a golf course and multiple
areas of ongoing residential construction. Among
this cluster, average structure age, and average
distance to (altered) open space were less than
that for the overall sample (Table 3). All but one
structure were single family residences, and most
were among the low and high-medium density
development categories. Mice and rats were the
main species targeted, but at a lower proportion
than across all respondents who control. Neither
control nor use of chemicals exhibited global
autocorrelation based on Moran’s I scores. One
potential ‘‘hotspot’’ of control existed among an
area with relatively lower density and newer
buildings near the extent boundary.


For SAMO, whether or not a respondent
practiced control did not vary by building age
(r ¼ �0.01, p ¼ 0.84); this was consistent for
chemical (r ¼ �0.01, p ¼ 0.69) users. However,
those who control (v2 ¼ 65.10, df ¼ 2, p , 0.001)
and use chemicals (v2 ¼ 30.16, df ¼ 1, p , 0.001)
were more likely to reside in single-family rather
than multiple-family structures. Respondents
closer to open space were more likely to control
for rodents than those further away, regardless of
whether open space was natural (r ¼�0.11, p ,


0.001) or natural plus altered (r ¼ �0.06, p ¼
0.044). This relationship held true for chemical
users (natural r ¼�0.12, p , 0.001; natural plus
altered r ¼ �0.07, p ¼ 0.017). Across all


Fig. 2. Frequency (percent) of respondents who control for each target species on their property in two


locations in California. Bakersfield is illustrated using white bars (n¼ 317); SAMO is illustrated using black bars


(n ¼ 718). See Table 1 for a detailed breakdown of the ‘‘other’’ category.


Table 1. ‘‘Other’’ target species identified for control by


survey respondents in two locations in California.


Species Bakersfield SAMO


Bats x
Voles x
Rats� x x
Moles x x
House cats x x
Kit foxes x
Dogs x x
Skunks x x
Opossums x x
Raccoons x
Bobcats x
Coyotes x x
Deer x
Mountain lions x


� Identified within ‘‘other’’ category by respondents as tree
rats, wire rats, and fence rats. Because we are unable to
determine the appropriate category for these items, they are
listed separately.
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Table 2. Distribution of survey respondent demographics as related to proximity to open space (m) and


development density (units/ha) in Bakersfield (n ¼ 771) and SAMO (n ¼ 1,214), California.


Characteristic


Distance from open space (m) Development density (units/ha)


Bakersfield SAMO� SAMO� Bakersfield SAMO


Hhsize 0.111§,}* 0.027 0.049 �0.131* �0.307*
Children 0.090* �0.045 �0.013 �0.061* #*
Tenure 0.040 0.171* 0.144* �0.211* �0.204*
Own �0.056 �0.039 �0.075* �0.477* #*
Sex (female ¼ 1) �0.016 0.028 0.029 0.049 #*
Age (years) �0.116* 0.062* 0.009 �0.120* �0.106*
Education �0.103* �0.112* �0.121* �0.048 �0.070*
Income �0.075* �0.150* �0.145* �0.201* �0.436*
Pets 0.062 �0.039 �0.033 �0.169* #*
PetsUnsupOut �0.089 0.073* 0.080* �0.183* #*
PetsFeedOut 0.045 0.023 0.028 �0.122* #*
EnvService �0.040 �0.054 �0.063* �0.060 �0.066
WldfAct 0.001 0.032 0.025 �0.092* 0.021
NatReside 0.034 �0.074* �0.070* 0.025 �0.008
Concern �0.014 �0.028 �0.046 0.085* #*


� Distance from open space¼ natural areas only.
� Distance from any open space¼ natural areasþ ‘‘altered open space.’’
§ Test statistic¼ Pearson correlation coefficient (r) unless otherwise noted (#).
} P , 0.05 indicated by an asterisk (*).
# Test statistic¼Chi-square; Children (v2¼36.09, df¼1), Own (v 2¼262.00, df¼2), Sex (v 2¼20.56, df¼2), Pets (v 2¼26.94, df


¼ 2), PetsUnsupOut (v 2 ¼ 58.55, df ¼ 2), PetsFeedOut (v 2¼ 5.75, df ¼ 2), and Concern (v 2 ¼ 14.68, df ¼ 4).


Fig. 3. Z-score values of distance bands from Moran’s I test were used to determine level of spatial


autocorrelation of respondents that practiced control in Bakersfield (gray) and SAMO (black). Greater Z-scores


indicate greater spatial autocorrelation (i.e., clustering of similar behavior). A star denotes maximum value of


spatial autocorrelation for each location.
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respondents who control, distance to open space
(natural or natural plus altered) did not differ for
those targeting mice, rats, squirrels, but was less
for those targeting gophers (natural r¼�0.08, p¼
0.028; natural plus altered r ¼�0.07, p ¼ 0.035).
Respondents practicing control (r ¼ �0.18, p ,


0.001), and those using chemicals (r¼�0.20, p ,


0.001) were more likely to reside among lower
density development. Respondents in lower
density development were more likely to target
gophers (v2¼ 18.57, df¼ 2, p , 0.001) and rabbits
(v2 ¼ 10.35, df ¼ 2, p ¼ 0.006). Density and
distance were not correlated (r ¼�0.03, p ¼ 0.24
for natural areas and r ¼�0.02, p ¼ 0.48 for all
open space).


Also for SAMO, we also rejected our null
hypothesis that survey respondents practicing
control were randomly distributed (Z¼ 2.98, p¼
0.003); maximum autocorrelation existed at a
distance of 1,400 m (Fig. 3). Among respondents
exhibiting control behavior, two prominent ‘‘hot-
spot’’ clusters (n ¼ 108) emerged in the north-
eastern and southern parts of the study area.
Both were among low density development and
in proximity to wash channels that contained
more lush vegetation than surrounding hills.
Compared to the overall sample, landscape
characteristics generally were similar among
those who control (Table 3). However, notable
distinctions among the clusters include closer
proximity to open space, and less frequency in
targeting rats. Three prominent ‘‘hotspot’’ clus-
ters (n¼ 156) emerged among respondents using


chemicals, two of which overlapped with the two
control clusters and a third at the western
boundary of the extent. The third cluster was
located among a medium density and single-
family structure area that abutted natural open
space. Compared to the overall sample, land-
scape characteristics for clustered chemical users
generally illustrated similar trends as for those
who control (Table 3). However, compared to
those who control, chemical users were more
frequently among single-family structures, medi-
um development density, and slightly further
from open space. The southern cluster that
emerged for control and chemical use suggested
a high concentration of anticoagulant users
among it, and coincided with proximity to land
being converted to new residential development.
Therefore, control and use of chemicals exhibited
global autocorrelation, with ‘‘hotspots’’ among
single family structures in relatively lower
density development categories near open space.


DISCUSSION


Urbanization impacts ecosystem pattern (Luck
and Wu 2002) and processes (McDonnell and
Pickett 1990, McDonnell et al. 1997, Neil and Wu
2006). Few studies have evaluated impacts of
human activities at the household scale (Liu et al.
2003), or human reaction to environmental
effects. While evaluating urban residential pest
control behavior, we discovered that patterns of
pest control may mimic underlying ecological


Table 3. Collective descriptive results of clustered respondent characteristics (as relevant) for control behavior,


chemical use, and anticoagulant use for Bakersfield and SAMO.


Behavior
Bakersfield


SAMO


Control Control Chemical use


n 95 108 156
Mean structure age (yr) 12 (67) 26 (612) 30 (612)
Frequency of single family structure 99% 72% 82%
Development density (most relevant) 75% low; 59% low 35% low


15% high-medium 19% medium 46% medium
30% high 19% high


Mean distance to open space (altered; m) 230 (6137) na na
Mean distance to open space (natural; m) na 60 (658) 88 (686)
Mean distance to open space (natural þ altered; m) na 59 (658) 84 (682)
Species targeted (most relevant) mice ¼ 33% mouse ¼ 51% mouse ¼ 44%


rats ¼ 33% rat ¼ 56% rat ¼ 59%
gopher ¼ 9% squirrel ¼ 15% squirrel ¼ 16%


gopher ¼ 43% gopher ¼ 38%
rabbit ¼ 17% rabbit ¼ 17%


Note: Values in parentheses are standard deviations.
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processes.
The ubiquitous targeting of mice and rats may


be a function of the adaptability of these species
to urban areas and inside buildings, as well as a
psychological phenomenon. Rats generally are
not well-liked (Kellert and Berry 1980) and, in
another part of our study, a direct relationship
existed between negative attitudes toward ro-
dents and control behavior (Morzillo and Mertig
2011b). Others have linked reaction to rats to
perception of human welfare (Bratt 2009). Be-
yond the scope of our analysis, we speculate that
exotic rats and mice are more likely observed
indoors and less likely to be perceived as part of
the local environment than other species, which
contributes to widespread control behavior of
them.


The carnivores of interest (coyote, bobcat,
mountain lion, kit fox) were among the species
targeted for control. Three (of 15) respondents
who reported targeting those species also report-
ed use of anticoagulants; all were from SAMO
and all targeted coyotes (Morzillo unpublished
data). Collectively, those respondents reside in
15- to 22-year-old single-family structures among
varying development densities and distances
from open space and place control products both
outdoors and indoors. Indoor and outdoor
observation of pests and property damage
initiated control for all three respondents, who
were minimally or not concerned about non-
target effects on wildlife. Our integration of
survey and ecological data allow us to observe
potential pathways for possible contact between
carnivores and anticoagulants, but conclusions
about resident misuse or intentional use of
anticoagulants to harm carnivores are beyond
the scope of our data. Also, although anticoag-
ulant use and targeting of carnivores corresponds
with areas of observed impacts (Riley et al. 2007,
McMillin et al. 2008), we cannot make causal
inferences linking specific locations of use, target,
and non-target effects.


Addressing our second objective, particular
infrastructure characteristics are linked to a
greater likelihood of control behavior. Similar to
our first hypothesis, building age did not affect
likeliness to control. Similar to our second
hypothesis, those among single-family structures
were more apt to control than those among
multiple-family structures. Response bias toward


single-family homes likely exists because in both
locations the proportion of both homeowners
and residents of single-family structures was
greater than actual (U.S. Census Bureau data).
Underrepresentation of multiple-family units
may be attributed to property managers and
landlords assuming pest control (Morzillo and
Mertig 2011b). Regardless, factors beyond build-
ing characteristics affect control behavior.


For both locations, our data supported our
third hypothesis (more control among lower-
density development), but our fourth hypothesis
(more control closer to open space) was support-
ed only in SAMO. We speculate that landscape
configuration likely affects patterns of control.
Geographic (Redman 1999) and gradient charac-
teristics (McDonnell et al. 1997, Dow 2000) are
phenomena of urban systems. Generally, inverse
relationships exist between species richness and
distance from urban core (Blair and Launer 1997,
Clergeau et al. 1998, Germaine and Wakeling
2001, Williams et al. 2005, McKinney 2008).
Although a gradient-related biodiversity analysis
was beyond the scope of our objectives, human
responses to interactions with ecological phe-
nomena may occur at both fine and landscape
scales.


Although targeting mice and rats was wide-
spread, spatial variation existed in control of
other species. Community-level diversity often is
greatest at intermediate levels of residential
development (Blair and Launer 1997, Blair 2004,
Buchans and Thompson 2006). In Bakersfield,
control behavior for squirrels may operate as a
function of land cover, whereas both land cover
and land use are factors in SAMO (Theobold
2004). Bakersfield is topographically flat with
development in gridded patterns and limited
natural open space. Scrubland and intensive
agriculture surround Bakersfield, whereas urban
residential areas contain squirrel habitat features
including canopy cover (Williamson 1983,
McPherson and Nilon 1987, Bowers and Breland
1996, Gurnell et al. 2002, Nelson et al. 2005) and
water (Peterson et al. 1999) not as available
elsewhere. Therefore, in Bakersfield, residential
areas may function as habitat islands (Gehrt and
Chelsvig 2004), from which squirrels have
difficulty dispersing (Angold et al. 2006). Com-
paratively, for SAMO, landscape influences dis-
tribution based on both topography and
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ownership. Natural areas of SAMO contains both
chaparral and wooded riparian zones, and the
interspersion of both may aid in squirrel move-
ment out of, yet aid gophers and rabbits
movement into, residential areas.


Thus, we suspect that fine-scale features affect
spatial variation in control for native wildlife, as
well. Fraterrigo and Wiens (2005) suggested that
building density as well as fine-scale habitat
features affect species persistence. Fine-scale
features may include vegetation cover (Hennings
and Edge 2003, Chamberlain et al. 2004, Atwood
et al. 2004) and complexity (Germaine and
Wakeling 2001, Crooks et al. 2004), as well as
berry-producing shrubs (Melles et al. 2003),
birdfeeders (Fuller et al. 2008), and den sites
and available foraging area (Randa and Yunger
2006). In our study areas, the propensity of non-
native lush vegetation and fruit trees in yards
likely attract wildlife; resulting damage prompts
control. In fact, several survey respondents noted
use of control products when yard fruit is ripe, or
commented that they have observed pests
‘‘chewing on tree fruit,’’ and ‘‘eating fruit off of
the trees. Others suggested causes of pest
presence such as ‘‘neighbor needs to trim
grapefruit trees’’ or ‘‘property owners neglect[-
ing] of existing fruit trees.’’ Thus, we suspect that
both landscape and fine-scale characteristics both
influence wildlife processes that, in turn, result in
patterns of human reaction to them.


We also highlight possible influence of socio-
economics on observed trends. For instance,
income was related consistently to both distance
and density variables. Income has been positively
associated with leaf area index in Indiana (Jensen
et al. 2004), as well as plant diversity across
Phoenix, another desert metropolis containing
expanses of non-native vegetation (Hope et al.
2003). We also speculate potential for cognitive
dissonance (Festinger 1957), such that those
closer to open space in SAMO were more likely
to indicate importance of natural features near
their residence, yet more likely to participate in
control behavior that consequentially may affect
the nearby natural features such as wildlife.


Our results suggest a possible feedback loop of
interacting ecological and social phenomena
(McIntyre et al. 2000) that calls for further
exploration. Humans create appealing wildlife
habitat, wildlife use this habitat, presence of and


actions by wildlife causes human reaction to
wildlife, and humans repair and reinforce ap-
pealing habitat thereby attracting wildlife. We
speculate whether further exploration of the
social pattern and processes of pest control may
reveal similar patterns of ecological processes at
both local and landscape scales (Melles et al.
2003, Chamberlain et al. 2004, Sparks et al. 2005,
Herrmann et al. 2010), but intra-site control
patterns reflect landscape heterogeneity. From a
policy and management perspective, such hu-
man-wildlife conflict may be resolved by encour-
aging residents in lower density areas and near
open space to adhere to manufacturer guidelines
for pest control product use and minimizing
presence of attractants on their property.
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release and avifaunal extinctions in a fragmented
system. Nature 400:563–566.


DeStefano, S., and R. M. Degraaf. 2003. Exploring the
ecology of suburban wildlife. Frontiers in Ecology
and the Environment 1:95–101.


Dillman, D. A. 2000. Mail and internet surveys: the
tailored design method. Second edition. John Wiley
& Sons, New York, New York, USA.


Dow, K. 2000. Social dimensions of gradients in urban
ecosystems. Urban Ecosystems 4:255–275.


Dowding, J. E., E. C. Murphy, and C. R. Veitch. 1999.
Brodifacoum residues in target and non- target
species following an aerial poisoning operation on
Motuihe Island, Hauraki Gulf, New Zealand. New
Zealand Journal of Ecology 23:207–214.


Duckett, J. E. 1984. Barn owls (Tyto alba) and the
‘‘second generation’’ rat-baits utilized in oil palm
plantations in Peninsular Malaysia. Planter, Kuala
Lumpur 60:3–11.


Eason, C. T., E. C. Murphy, G. R. G. Wright, and E. B.
Spurr. 2002. Assessment of risks of brodifacoum to
non-target birds and mammals in New Zealand.
Ecotoxicology 11:35–48.


Eason, C. T., L. Milne, M. Potts, G. Morriss, G. R. G.
Wright, and O. R. W. Sutherland. 1999. Secondary
and tertiary poisoning risks associated with brodi-
facoum. New Zealand Journal of Ecology 23:219–
224.


Eason, C. T., and E. B. Spurr. 1995. Review of the
toxicity and impacts of brodifacoum on non-target
wildlife in New Zealand. New Zealand Journal of
Zoology 22:371–379.


Erickson, W., and D. Urban. 2004. Potential risks of


v www.esajournals.org 12 November 2011 v Volume 2(11) v Article 128


MORZILLO AND SCHWARTZ







nine rodenticides to bird and nontarget mammals:
a comparative approach. U.S. Environmental Pro-
tection Agency, Office of Pesticides Programs,
Environmental Fate and Effects Division, Wash-
ington, D.C., USA.


Faeth, S. H., P. S. Warren, E. Shochat, and W. A.
Marussih. 2005. Trophic dynamics in urban com-
munities. BioScience 55:399–407.


Festinger, L. 1957. A theory of cognitive dissonance.
Stanford University Press, Palo Alto, California,
USA.


Fortin, M. J., and M. R. T. Dale. 2005. Spatial analysis: a
guide for ecologists. Cambridge University Press,
Cambridge, UK.


Fournier-Chambrillon, C., P. J. Berny, O. Coiffier, P.
Barbedienne, B. Dassé, G. Delas, H. Galineau, A.
Mazet, P. Pouzenc, R. Rosoux, and P. Fournier.
2004. Evidence of secondary poisoning of free-
ranging riparian mustelids by anticoagulant ro-
denticides in France: implications for conservation
of European mink (Mustela lutreola). Journal of
Wildlife Diseases 40:688–695.


Fraterrigo, J. M., and J. A. Wiens. 2005. Bird commu-
nities of the Colorado Rocky Mountains along a
gradient of exurban development. Landscape and
Urban Planning 71:263–275.


Fry, J. A., M. J. Coan, C. G. Homer, D. K. Meyer, and
J. D. Wickham. 2009. Completion of the National
Land Cover Database (NLCD): 1992-2001 Land
Cover Change Retrofit Product #2008-1379. U.S.
Geological Survey, Washington, D.C., USA.


Fuller, R. A., P. H. Warren, P. R. Armsworth, O.
Barbosa, and K. J. Gaston. 2008. Garden bird
feeding predicts the structure of urban avian
assemblages. Diversity and Distributions 14:131–
137.


Germaine, S. S., and B. F. Wakeling. 2001. Lizard
species distributions and habitat occupation along
an urban gradient in Tucson, Arizona, USA.
Biological Conservation 97:229–237.


Getis, A., and J. K. Ord. 1992. The analysis of spatial
association by use of distance statistics. Geograph-
ical Analysis 24:189–206.


Getis, A. and J. K. Ord. 1996. Local spatial statistics: an
overview. Pages 261–278 in P. A. Longley and M.
Batty, editors. Spatial analysis: modelling in a GIS
environment. Geoinformation International, Cam-
bridge, UK.


Gehrt, S. D., S. P. D. Riley, and B. L. Cypher. 2010.
Urban carnivores: ecology, conflict, and conserva-
tion. The John Hopkins University Press, Balti-
more, Maryland, USA.


Gehrt, S. D., and J. E. Chelsvig. 2004. Species-specific
patterns of bat activity in an urban landscape.
Ecological Applications 14:625–635.


Gill, C. E., and J. E. Elliott. 2003. Influence of food supply
andchlorinatedhydrocarboncontaminants onbreed-


ing success of bald eagles. Ecotoxicology 12:95–111.
Grimm, N. B., J. M. Grove, S. T. A. Pickett, and C. L.


Redman. 2000. Integrated approach to long-term
studies of urban ecological systems. BioScience
50:571–584.


Grimm, N. B., S. H. Faeth, N. E. Golubiewski, C. L.
Redman, J. Wu, X. Bai, and J. M. Briggs. 2008.
Global change and the ecology of cities. Science
319:756–760.


Gurnell, J., M. J. Clark, P. W. W. Lurz, M. D. F. Shirley,
and S. P. Rushton. 2002. Conserving red squirrels
(Sciurus vulgaris): mapping and forecasting habitat
suitability using a geographic information systems
approach. Biological Conservation 105:53–64.


Hadley, G. L., and K. R. Wilson. 2004. Patterns of small
density and survival following ski-run develop-
ment. Journal of Mammalogy 85:97–104.


Hennings, L. A., and W. D. Edge. 2003. Riparian bird
community structure in Portland, Oregon: habitat,
urbanization, and spatial scale patterns. The
Condor 105:288–302.


Herrmann, J. D., D. Bailey, G. Hofer, F. Herzog, and
M. H. Schmidt-Entling. 2010. Spiders associated
with the meadow and tree canopies of orchards
respond differently to habitat fragmentation. Land-
scape Ecology 25:1375–1384.


Hill, N. J., K. A. Carbery, and E. M. Deane. 2007.
Human-possum conflict in urban Sydney, Austral-
ia: public perceptions and implications for species
management. Human Dimensions of Wildlife
12:101–113.


Hinds, J., and P. Sparks. 2008. Engaging with the
natural environment: the role of affective action
and identity. Journal of Environmental Psychology
28:109–120.


Hobbs, F., and N. Stoops. 2002. Demographic trends of
the 20th century. U.S. Census BureauWashington,
D.C., USA.


Holdren, J. P., and P. R. Ehrlich. 1974. Human
population and the global environment. American
Scientist 62:282–292.


Hope, D., C. Gries, W. Zhu, W. F. Fagan, C. L. Redman,
N. B. Grimm, A. L. Nelson, C. Martin, and A.
Kinzig. 2003. Socioeconomics drive urban plant
diversity. Proceedings of the National Academy of
Sciences 100:8788–8792.


Hostetler, M., and D. Drake. 2009. Conservation
subdivisions: a wildlife perspective. Landscape
and Urban Planning 90:95–101.


Howald, G. R., P. Mineau, J. E. Elliott, and K. M.
Cheng. 1999. Brodifacoum poisoning of avian
scavengers during rat control on a seabird colony.
Ecotoxicology 8:431–447.


Jensen, R., J. Gatrell, J. Boulton, and B. Harper. 2004.
Using remote sensing and geographic information
systems to study urban quality of life and urban
forest amenities. Ecology and Society 9:5.


v www.esajournals.org 13 November 2011 v Volume 2(11) v Article 128


MORZILLO AND SCHWARTZ







Kellert, S. R., and J. K. Berry. 1980. Knowledge,
affection, and basic attitudes toward animals in
American society, Phase III. U.S. Department of the
Interior, Fish and Wildlife Service, Washington,
D.C., USA.


Krester, H. E., P. J. Sullivan, and B. A. Knuth. 2008.
Housing density as an indicator of spatial patterns
of reported human-wildlife interactions in northern
New York. Landscape and Urban Planning 84:282–
292.


Lepczyk, C. A., A. G. Mertig, and J. Liu. 2004a.
Assessing landowner activities related to birds
across rural-to-urban landscapes. Environmental
Management 33:110–125.


Lepczyk, C. A., A. G. Mertig, and J. Liu. 2004b.
Landowners and cat predation across rural-to-
urban landscapes. Biological Conservation
115:191–201.


Littrell, E. E. 1988. Wild carnivore deaths due to
anticoagulant intoxication. California Fish and
Game 74:183.


Liu, J., G. C. Daily, P. R. Ehrlich, and G. W. Luck. 2003.
Effects of household dynamics on resource con-
sumption and biodiversity. Nature 421:530–533.


Luck, M., and J. Wu. 2002. A gradient analysis of urban
landscape pattern: a case study from the Phoenix
metropolitan region, Arizona, USA. Landscape
Ecology 17:327–339.


Luniak, M. 2004. Synurbinization—adaptation of
animal wildlife to urban development. Pages 50–
55 in W. W. Shaw, L. K. Harris, and L. VanDruff,
editors. Proceedings of the 4th International Urban
Wildlife Symposium, Tucson, Arizona, USA.


McDonnell, M. J., and S. T. A. Pickett. 1990. Ecosystem
structure and function along urban-rural gradients:
an unexplored opportunity for ecology. Ecology
71:1232–1237.


McDonnell, M. J., S. T. A. Pickett, P. Groffman, P.
Bohlen, R. V. Pouyat, W. C. Zipperer, R. W.
Parmelee, M. M. Carreiro, and K. Medley. 1997.
Ecosystem processes along an urban-to-rural gra-
dient. Urban Ecosystems 1:21–36.


McIntyre, N. E., K. Knowles-Yánez, and D. Hope.
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APPENDIX A


Table A1. Description of target species and background variables used for analysis. Target species and


background variable data were provided by survey respondents. Construction of background variables is


described in detail by Morzillo and Mertig (2011a).


Variable Data Coding on survey


Target species Mice; Rats; Squirrels; Gophers; Woodrats; Rabbits;
Other


1 ¼ targeted by respondent; 0 ¼ not targeted by
respondent


Hhsize Respondent provided number of residents Integer value
Children Respondent provided number of children 1 ¼ �1 child; 0 ¼ no children
Tenure Respondent provided number of years current


home occupied
Integer value


Own Own or rent 1 ¼ own; 0 ¼ not own
Sex Female or male 1 ¼ female; 0 ¼ male
Age Respondent provided year born Year subtracted from 2007
Education Seven categories ranging from less than high


school to graduate or professional degree
1–7; numerical value increased with increasing
amount of formal education completed


Income Nine categories grouped in $25,000 increments
ranging from ,$25,000 to .$199,999


1–9; numerical value increased with increasing
income value


Pets Yes or no 1 ¼ yes; 0 ¼ no
PetsUnsupOut Yes or no 1 ¼ yes; 0 ¼ no
PetsFeedOut Yes or no 1 ¼ yes; 0 ¼ no
EnvService See Morzillo and Mertig (2011a) for details Greater values ¼ more participation
WldfAct See Morzillo and Mertig (2011a) for details Greater values ¼ more participation
NatReside See Morzillo and Mertig (2011a) for details Greater values ¼ more importance of amenities
Concern See Morzillo and Mertig (2011a) for details Greater values ¼ greater concern
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APPENDIX B


Table B1. Description of landscape variables used for analysis. Landscape variables were derived separately from


the survey (see methods section), and based on locations of respondents.


Variable Data Coding on survey


Building age Year structure was built Year subtracted from 2007
Building type Multiple- or single-family structure 2 ¼ multiple


1 ¼ single
Residential density


Bakersfield Low (�7.26 dwelling units/net acre) 1 ¼ low
Low-medium (.4 but �10 dwelling units/net acre) 2 ¼ low-medium
Low and low-medium mixed 3 ¼ low and low-medium mixed
High-medium (.7.26 but �17.42 dwelling units/net acre) 4 ¼ high-medium
High (.17.42 but �72.6 dwelling units/net acre) 5 ¼ high


SAMO Low (single family dwellings ,2 units per acre, estates, and
ranches)


1 ¼ low


High-medium single (single family residences .2 units per
acre)


2 ¼ high-medium single


High-medium multiple (multi-family residences, single family
dwellings .6 units/acre, and mixed single-multiple residence
dwellings)


3 ¼ high-medium multiple
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Abstract Rodent control in urban areas can result in the inadvertent mortality of non-target
species (e.g., bobcats). However, there is little detailed information from urban residents
about rodent control practices. We evaluated urban rodent control behaviors in two areas of
California (southwestern Bakersfield and in proximity to Santa Monica Mountains National
Recreation Area (SAMO)) where biologists have observed non-target mortality among
carnivores resulting from exposure to anticoagulant rodenticides. Using a mail survey
instrument, we asked residents about rodent control practices including products used and
application, attitudes toward rodents, and concern about non-target mortality. Forty-one
percent of Bakersfield (response rate=20%) and 59% of SAMO (response rate=31%)
respondents reported rodent or other animal control on their property. Snap traps and
anticoagulants were the most commonly used physical and chemical control products,
respectively. Many respondents were unsure whether (12% Bakersfield; 17% SAMO) or
which (39% Bakersfield; 46% SAMO) chemical products were used on their property.
When told of possible non-target effects, a majority of respondents were either very or
somewhat concerned. Attitudes toward rodents were relatively negative across all
respondents. Respondents who applied control products themselves (as opposed to a third
party) were most supportive of ensuring availability of rodent control products. Our results
suggest that residents do not readily connect their personal or household activities with
larger environmental effects, and highlight potential focal areas for policy evaluation related
to wildlife management, such as providing explicit information about potential environ-
mental effects of rodent control products.
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Introduction


As urban areas expand, humans drastically affect ecological communities (Grimm et al.
2000; Radeloff et al. 2005; Theobald et al. 1997), both directly (e.g., Fuller et al. 2008;
Lepczyk et al. 2004; Ng et al. 2008), and indirectly (Baker et al. 2005). Because humans
and wildlife both are components of urban ecosystems by definition, conflicts can arise
between humans and wildlife when both compete for the same resources (e.g., Hill et al.
2007; Krester et al. 2008). For example, O’Donnell and DeNicola (2006) observed a
majority of raccoons excluded from human residences were found again in man-made
structures 2 months later. Smaller animals such as rodents often are perceived as pests and
targeted for control. Control measures can focus on exotics (e.g., black or Norway rats
(Rattus rattus and R. novegicus, respectively), house mice (Mus musculus)) that are
synanthropic, or relics of the urban development process itself, as well as native species (e.
g., gophers, moles). Regardless of species, such control and the products used for it can be
indiscriminant and also impact non-target species.


Of particular interest in rodent control methods is the use of anticoagulants, which
inhibit blood from clotting and result in animals internally bleeding to death (Amdur et al.
1991). Common anticoagulant chemical compounds intended for indoor and outdoor (only
in close proximity to structures) use include warfarin, brodifacoum, and bromadiolone
(USFWS 1993), which are marketed under several trade names. Globally, numerous
researchers have observed non-target mortality of wildlife as a result of anticoagulant
exposure, particularly in Europe (e.g., Brakes and Smith 2005; Fournier-Chambrillon et al.
2004), Asia (Duckett 1984), Canada (Howald et al. 1999), and New Zealand (e.g.,
Dowding et al. 1999; Eason et al. 2002), but little field knowledge exists about
environmental effects of related products (Littrell 1988; Stone et al. 1999; Riley et al.
2003; Riley et al. 2007; Shore et al. 2003). While there is great interest in understanding
how anticoagulant exposure influences non-target species, there is no existing research
specifically focusing on the role of urban residents as potential contributors to non-target
mortality.


Exposure of non-target species to anticoagulant rodenticides occurs by: 1) direct
consumption of bait (e.g., Brakes and Smith 2005; Eason and Spurr 1995), 2) direct
ingestion of accumulated (but not absorbed) rodenticides from the digestive tracts of prey
species (Howald et al. 1999), or 3) indirect exposure via secondary or tertiary poisoning as
a result of consuming contaminated prey (e.g., Alterio 1996; Berny et al. 1997; Eason et al.
1999). Laboratory tests suggest that rodenticides can increase the risk of mortality among
non-target species (Erickson and Urban 2004). However, knowledge is sparse about
mechanisms by which rodenticides travel through the ecosystem, including the amounts
and locations where they are used (Erickson and Urban 2004).


In May 2008, the US Environmental Protection Agency (EPA) established a federal
ruling to limit the sale of 10 anticoagulant rodenticides in the United States according to
merchant (i.e. agriculture supply stores and professional applicators only), amount (i.e.
elimination of “consumer” size containers), and application (i.e. bait stations required for
outdoor above-ground placement) in order to minimize potential for exposure to these
products by children and wildlife (US EPA 2008). Using data collected prior to the 2008
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ruling, our goal was to develop knowledge about specific human rodent control behaviors
in areas where ecologists have linked rodenticide-related chemicals with wildlife mortality.
To address this goal, we sought to complete six research objectives. First, we sought to
identify events that initiate control behavior. Second, we sought to identify particular
products that are used. Third, we wanted to determine details about product application
Fourth, we sought to evaluate resident attitudes toward rodents and control products. Fifth,
we wanted to evaluate resident concern about potential non-target effects. Finally, we
sought to evaluate demographic and socioeconomic factors that may affect attitudes toward
rodents and control products.


Methods


Study area


To address our objectives, we focused on two locations in California, USA, where local
biologists have observed possible non-target rodenticide effects on wildlife (Fig. 1). The
first location was the urban area of southwestern Bakersfield, which is composed of mixed
residential, residential services (e.g., shopping plazas), industrial zones, golf courses, a
small university campus, and the channelized Kern River. Inhabiting the Bakersfield area is
an urban population of the San Joaquin kit fox (Vulpes macrotis mutica; Bjurlin and Cypher
2005), an endangered species that likely has suffered mortality as a result of rodenticide
exposure (McMillin et al. 2008). The second location was composed of portions of
southeastern Ventura and western Los Angeles Counties in proximity to the Santa Monica
Mountains National Recreation Area (denoted by the National Park Service as SAMO).
While generally less densely urban than Bakersfield, the area was composed of mixed
(ranging from low to high density) residential, residential services, one golf course, and
some industrial areas interspersed among natural areas. Three important non-target species
that inhabit SAMO have been found to have anticoagulant residues in their tissues. These


Bakersfield 


SAMO 


Fig. 1 Two locations in California
(southwestern Bakersfield and in
proximity to Santa Monica
Mountains National Recreation
Area (SAMO)) that were the focus
of this study
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species include the bobcat (Lynx rufus), coyote (Canis latrans), and mountain lion (Puma
concolor). Anticoagulants were present in a majority of bobcats and mountain lions tested;
toxin load was directly related to the use of developed habitat by both species (Riley et al.
2003, 2007).


Data collection


Local biologists (B. Cypher, Endangered Species Recovery Program, California State
University Stanislaus and S.P.D. Riley, National Park Service, personal communication)
provided us with animal movement data and information about locations where evidence of
exposure to anticoagulants has been discovered among the wildlife species of interest (see
previous section). We used this information and ArcView GIS3.2 (Environmental Systems
Research Institute, Inc., Redlands, California, USA) to establish extent of the sampling
area. Our unit of observation was the household, and the sampling frame was a list of all
household street addresses within the extent of our sampling area. Street address
information was purchased from Marketing Systems Group (Fort Washington, PA), which
compiles survey sample datasets from the U.S. Postal Service delivery sequence files that
are updated bimonthly. We excluded PO boxes, seasonal homes, and mail drops (single
delivery points serving multiple addresses) because of difficulty in applying information
about respondents to a spatial context (important for objectives of the larger study not
included in this manuscript). The Office of Management and Budget (OMB; OMB Control
Number 2080-0077) and Office of Human Research Ethics at University of North Carolina-
Chapel Hill (OHRE; IRB # 07-0775) granted permission for use of human subjects.


We used multiple mailings (prenotice, first survey mailing, reminder/thank you postcard,
a second survey mailing to those who did not return a survey from the first mailing) and a
toll-free number for questions from subjects in an effort to increase response rate (Dillman
2000). We determined sample size based on desired sampling error (± 5%) and statistical
power (80%). Because this survey was administered by a government agency, we also
considered an assumed lower response rate than those received by other institutions
(Dillman 2000) when planning our sample size. In September 2007, we mailed
questionnaires (a booklet containing both English and Spanish versions) to randomly
selected households in both locations (n=4,000 per site, N=8,000).


Survey variables


The survey instrument included a broad set of questions seeking details about animal and
rodent control practices, as well as information about the respondents. Relevant to this
manuscript, the survey questions were used to identify individuals who participate in rodent
or animal control behavior and to collect information about specific reasons for rodent
control behavior, products used, product application, attitudes toward rodents and control
products, and concern about potential non-target effects (Table 1). We also collected
information about the background of respondents, including individual relationships with
the environment and socioeconomics (Table 1). Details about construction of all variables
from survey questions are described as follows; variable names (corresponding to Table 1)
are indicated in parentheses.


We identified individuals who participate in rodent or animal control behavior by asking
respondents to indicate (yes/no/unsure) whether there has been an effort to control rodents
or other animals on their property during the past 5 years (Use). Respondents who answered
‘yes’ were asked specific details about rodent control, product use, and product application.
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First, to evaluate events that triggered animal or rodent control (Reason), we asked
respondents to select all that applied from the following list: (a) indoor observation of pests,
(b) outdoor observation of pests, (c) property damage on own property, (d) property damage
on neighbor’s property, (e) damage to own landscaping, (f) damage to neighbor’s
landscaping, (g) preventive use (have not seen animals), and (h) part of routine treatment
by hired company; space was provided for respondents to specify additional events.
Second, to collect information about control products used, we divided products into
physical and chemical categories. We asked respondents to select all products that work by
physical means (Physical) that have been used on their property from the following: (a)
snap traps, (b) glue boards, (c) live traps, (d) shooting, (e) electricity (e.g., rat zapper), (f)
unsure, (g) other, or (h) none. Because we sought particularly detailed information about
chemical product use (beyond the scope of this particular analysis), we first identified users
of chemical products by asking respondents to indicate (yes/no/unsure) whether chemical
rodenticides have been used on their property. For respondents who answered “yes,” we


Table 1 Survey questions used to construct variables for identifying respondents who participate in rodent
or animal control (*), evaluating rodent control behavior (**), products used (***), product application (†),
attitudes toward rodents and control products (††), concern about potential non-target effects (^), and
background variables (^^); variables are listed in order as described in Methods


Survey question Variable


Have you or anyone else tried to control rodents or other animals on your property
(during the past 5 years)?


Use*


What caused you (or someone else) to begin controlling these animals on your property? Reason**


Which, if any, of the following physical rodenticides have been used on your property? Physical***


Which of the following types of chemical rodenticides have been used on your property? Chemical***


Who is the PRIMARY person responsible for applying rodenticide products? Applicator†


For each statement [about rodents]a, please indicate whether you strongly agree, agree, are
unsure, disagree, or strongly disagree.


AttRodents††


Please indicate whether you agree or disagree with each of the following statements
[about rodenticides].


AvailUse††


Rodenticides should be available for use if unintended effects on humans, pets, and the
environment can be eliminated.


AvailElimEff††


How concerned would you say you are about…: Chemical rodenticides may be affecting
wildlife in your area


Concern^


Please indicate how frequently you, or anyone in your household, participate in each of the
following activities [related to the environment].


EnvAct^^


Please indicate how frequently you, or anyone in your household, participate in each of the
following activities [related to wildlife].


WldfAct^^


For each of the following reasons, please indicate how important it is as a factor in deciding
where to live.


NatReside^^


How many individuals live in your household? Hhsize^^


How many individuals in your household are less than 18 years old? Children^^


Do you have any pets? Pets^^


Are you male or female? Sex^^


In what year were you born? Age^^


What is the highest level of formal education that you completed? Education^^


What was your gross household income (before taxes) in 2008? Income^^


a Information in brackets added here for clarity of question related to each variable
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asked them to select all products (Chemical) from the following list: (a) anticoagulants (e.g.,
d-Con), (b) dehydration (e.g., Rodetrol), (c) fumigants (e.g., gas canisters), (d) nerve agent (e.g.,
Bromethalin), (e) zinc phosphide (e.g., Ratol), (f) unsure, and (g) other. Finally, to identify
responsibility for product application (Applicator), we asked respondents to select either
self (I am the person responsible; someone in my household is responsible) or third-party
(yard care company; professional pest control company) responsibility, or other (assigned
to either self or third-party category for analysis, as appropriate).


Regardless of response to Use, we asked all respondents to respond to a series of
statements about attitudes (Decker et al. 2001) toward rodents (AttRodents), attitudes
toward control products (AvailUse; AvailElimEff), and concern about non-target effects
(Concern). For AttRodents and AvailUse, we used exploratory factor analysis (Sokal and
Rohlf 1995; e.g., Morzillo et al. 2007) to reduce the number of statements in order to
include only items that factored together in construction of scale scores. On the survey,
responses to each statement were coded using five-point Likert scales indicating level of
agreement (5 = strongly agree, 4 = agree, 3 = unsure, 2 = disagree, 1 = strongly disagree).
We measured internal reliability of the combination of selected statements identified by
factor analysis using Cronbach’s alpha (α; Cortina 1993). Five items were used to construct
a scale score for AttRodents (n=1,906; α=0.84): (a) I don’t like rodents, (b) I don’t want
rodents on my property, (c) I am concerned about the welfare of children as a result of
rodent presence, (d) I am concerned about the welfare of pets as a result of rodent presence,
and (e) I am concerned about the spread of disease by rodents. Four items were used to
construct a scale score for AvailUse (n=1,867; α=0.78): rodenticides (a) should be
available for use by anybody, (b) should be available for use by anybody, but carefully
regulated, (c) should be available for use by anybody but explicitly labeled with
information about possible dangers to humans, pets, and the environment, and (d) should
be available for use if unintended effects on humans, pets, and the environment occur only
occasionally. We summed the values corresponding to each factored group of statements to
derive a scale score for both AttRodents and AvailUse for each respondent. Larger values
reflected stronger agreement with each group of statements. For AvailElimEff, we asked
subjects to respond to the statement “Rodenticides should be available for use if
unintended effects on humans, pets, and the environment can be eliminated” (5 = strongly
agree, 4 = agree, 3 = unsure, 2 = disagree, 1 = strongly disagree). For Concern, we asked
subjects to respond to the statement: “Chemical rodenticides may be affecting wildlife in your
area.” Responses were assigned a value indicating level of concern (very concerned = 3,
somewhat concerned = 2, not concerned = 1).


We used 10 background variables to evaluate differences among respondents. Because
individual environmentalist behaviors often are directly associated with personal emotional
relationship with the environment (e.g., Mayer and Frantz 2004; Hinds and Sparks 2008),
we asked all respondents to respond to a series of statements on the survey about their
individual relationship with the environment (EnvAct), participation in wildlife-related
activities (WldfAct), and importance of environmentally related amenities in choosing a
place to live (NatReside). For all three variables, we used exploratory factor analysis to
reduce the number of statements in order to include only items that factored together in
construction of scale scores. Responses to EnvAct and WldfAct were measured using five-
point Likert scales indicating level of participation (5 = very frequently, 3 = sometimes,
1 = never); responses to NatReside were measured using a three-point scale indicating
level of importance (3 = very important, 2 = somewhat important, 1 = not important). We
used Cronbach’s alpha to assess internal reliability among groups of statements. Eight
items were used to construct a scale score for EnvAct (n=1,628; α=0.79): (a) recycling
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household waste, (b) purchasing products made from recycled materials, (c) purchasing
organic food, (d) purchasing energy-efficient home appliances, (e) donating money to
environmental organizations, (f) donating time to assist environmental organizations, (g)
taking time to learn about environmental issues, and (h) voting for political candidates
because they support environmental protection. Four items were used to construct a scale
score for WldfAct (n=1,789; α=0.86): (a) observing or studying wildlife outdoors, (b)
learning about nature/wildlife, (c) bird watching, and (d) watching wildlife-related TV/
movies. Four items were used to construct a scale score for NatReside (n=1,860; α=0.84): (a)
closeness to public land(s), (b) closeness to natural features (e.g., ocean, mountains), (c)
closeness to parks/playgrounds, and (d) ability to observe local wildlife. We summed the
values corresponding to each factored group of statements to derive a scale score for each
respondent. Larger values reflected greater participation in each group of activities for EnvAct
and WldfAct, and greater importance across all amenities for NatReside.


Socioeconomic information (Table 1) was collected from the survey as follows. For
household size (Hhsize), we collected the integer value of number of individuals. For number
of children in household (Children), we converted integer value of responses to binomial
format such that zero equaled zero, and all other values equaled one to reveal absence (or
presence) of children in a household, respectively. For presence of pets (Pets) and respondent
sex (Sex), we used binomial responses (Pets: yes = 1, no = 0; Sex: female =1 and male = 0).
For respondent age (Age), we subtracted the integer value of the year born provided by
respondents from 2007 to identify age in years. For highest formal education completed
(Education), we asked respondents to select from the following categories: (a) less than high
school, (b) high school graduate or equivalent (e.g., GED), (c) vocational or trade school, (d)
some college, (e) Associate’s degree (2 year degree), (f) college graduate (Bachelor’s or
4 year degree), or (g) graduate or professional degree. For income (Income), we asked
respondents to select from a range of incomes grouped in $25,000 increments (9 groups total)
from a low of less than $25,000 to a high of more than $199,999.


Non-response follow-up survey


Following the second survey mailing, we sent a non-response follow-up postcard to all non-
responding households (n=5,936). Although Dillman (2000) suggests that non-response
surveys use a mode different from the original survey, we used a mail mode because of
locally poor coverage by phone number lists (approximately 60%). Non-respondents were
asked why they did not respond to the original survey, as well as an abbreviated set of five
questions about rodent control from the actual survey and four demographic questions
(whether they rent or own their home, sex, age, and education). Surveys received after
mailing the non-response postcard were not included in analysis.


Statistical analysis


We used SPSS 16.0.1 (SPSS, Inc.) for all statistical analyses. ANOVA, Pearson’s r, and
Chi-square were used to compare sample means and test bivariate relationships (Sokal and
Rohlf 1995). We used ordinary least squares regression (Babbie 1990; Sokal and Rohlf
1995) to evaluate interrelationships between the background variables and the three
dependent variables (AttRodents, AvailUse, and AvailElimEff). Independent variables
applied to regression analysis included seven socioeconomic variables: household size
(Hhsize), presence of children (Children), presence of pets (Pets), sex (Sex), age (Age),
education (Education), and income (Income). Additional independent variables included
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three environmental relationship variables (EnvAct, WldfAct, NatReside). We also included
Applicator in regression analyses of AvailUse and AvailElimEff. Alpha values were defined
at the 95% confidence interval (α=0.05). We calculated effect size (Gliner et al. 2001), as
appropriate, to assess the strength of relationships between variables.


Results


The overall response rate was 25% (n=2,001) after removing ineligible respondents, and
refusals (n=72). Response rates for each location were 20% for Bakersfield (n=780) and
31% for SAMO (n=1,221). Fewer than 2% of respondents completed the Spanish version
of the survey.


Bakersfield respondents were less likely to participate in environmentally related
activities (F=166.490, df=1, 1912, p<0.000) and wildlife-related activities (F=15.163, df=1,
1889, p<0.000) than SAMO respondents, as well as less likely to express importance of
natural features near their residence (F=298.767, df=1, 1903, p<0.000) than SAMO
respondents (Table 2). Demographically, no difference in household size or percent of
households with children or pets existed between the two locations. More than half of
respondents were females; average age across the sample was approximately 54 years.
Bakersfield respondents were more likely to have less formal education (F=147.871, df=1,
1,926, p<0.000), and lower incomes (F=198.053, df=1, 1,706, p<0.000) than SAMO
respondents. Because of the aforementioned behavioral and demographic differences between
the two locations, as well as obvious geographic differences, we evaluated responses in
Bakersfield and SAMO separately.


With regard to rodent control, 41% of Bakersfield’s (n=319) and 59% of SAMO’s (n=721)
respondents reported animal control on their property. Observation of rodent pests, either
indoor or outdoor, were the most likely reasons for initiating control in both locations,
followed by property and landscaping damage to their own property (Table 3). Physical
product use was approximately twice as popular as chemical product use in both locations
(Table 4), but some respondents reported use of both product types (Bakersfield n=114;
SAMO n=274). Snap traps and anticoagulants were the most commonly used physical and
chemical products, respectively. Many respondents were unsure whether any chemicals,
as well as which particular chemical products, were used on their property. Sixty-eight
and 58% of Bakersfield and SAMO respondents, respectively, indicated application of
control products by themselves or someone in their household. “Other” third-party
applicators included local or regional spray and abatement programs, landlords, and
homeowners associations.


Average scale score for AttRodents was 22.5 (SD=3.6) for Bakersfield and 21.2 (SD=3.9)
for SAMO out of a possible range of 5–25. Negative attitudes toward rodents were more
likely among respondents who control versus do not control rodents on their property in
Bakersfield (r=0.189, p<0.000, Eta=0.26) and SAMO (r=0.125, p<0.000, Eta=0.24). For
AvailUse, average scale score was 12.6 (SD=3.4) for Bakersfield and 12.3 (SD =3.6) for
SAMO out of a possible range of 5–20. Respondents who control rodents on their
property were more likely to agree with greater availability of rodenticides in
Bakersfield (r=0.275, p<0.000, Eta=0.40) and SAMO (r=0.207, p<0.000, Eta=0.33)
compared to those that do not control rodents. Average value for AvailElimEff in both
locations was 3.5 (SD=1.1) out of a possible range of 1–5). There was no difference between
respondents who control versus do not control on their property with regard to AvailElimEff
in Bakersfield (r=0.034, p=0.374, Eta=0.11) or SAMO (r=-0.012, p=0.682, Eta=0.10).
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For both locations, a plurality of respondents was somewhat concerned about chemical
rodenticides affecting wildlife (Table 5). Concern did not differ between respondents who
practiced rodent control versus those that did not practice rodent control in either location
(Bakersfield: Χ2=0.605, df=2, p=0.739, Cramer’s V=0.02; SAMO: Χ2=0.382, df=2, p=0.826,
Cramer’s V=0.03).


We only included respondents who provided a definitive response (yes or no) about
rodent control in regression analysis. Respondents who were unsure if control was taking
place on their property included a very small portion of the sample (Bakersfield=4.7%;
SAMO=4.3%). For AttRodents (Table 6) in both locations, females, older respondents, and
respondents with less involvement in activities related to wildlife expressed a greater level
of negative attitudes toward rodents. Respondents with larger households and less formal
education also had a greater level of negative attitudes toward rodents in SAMO. For
AvailUse (Table 7), respondents who reported less importance of environment-related


Table 2 Demographic and socioeconomic characteristics of respondents


Demographic or socioeconomic measure Bakersfield SAMO


n n


EnvAct (mean environmental activity scale score±SD)a,b* 737 22.8 (5.6) 1,177 26.2 (5.4)


WldfAct (mean wildlife-related activity scale score±SD)b* 726 10.5 (4.1) 1,165 11.3 (4.3)


NatReside (mean natural amenity scale score±SD)b* 732 6.2 (2.0) 1,173 8.0 (3.3)


Hhsize (mean number of individuals in household±SD) 744 2.6 (1.4) 1,167 2.7 (1.3)


Children (% of households with children) 744 36 1,163 40


Pets (% of households with pets) 760 60 1,197 58


Sex (% of respondents who were female) 753 59 1,189 53


Age (mean age in years±SD) 738 53.5 (15.9) 1,143 54.1 (13.9)


Education (% of respondents at each level)*a 750 1,181


Less than high school 3.3 0.6


High school graduate or equivalent (e.g., GED) 14.4 5.0


Vocational or trade school 3.9 2.7


Some college 25.5 18.4


Associates degree (2-year degree) 12.7 7.4


College graduate (Bachelor’s or 4-year degree) 22.2 32.4


Graduate or professional degree 17.9 33.6


Income (% of respondents within each income bracket)* 674 1,034


Less than $25,000 10.4 5.1


$25,000 to $49,999 24.5 10.6


$50,000 to $74,999 23.0 13.7


$75,000 to $99,999 15.0 14.8


$100,000 to $124,999 11.6 15.2


$125,000 to $149,999 5.9 8.1


$150,000 to $174,999 3.4 8.1


$175,000 to $199,999 2.4 5.1


More than $199,000 3.9 19.1


a An asterisk (*) denotes a significant difference between locations at the 95% confidence level
b Possible scale ranges were 8–40 for EnvAct, 5–20 for WldfAct, and 4–12 for NatReside
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amenities when choosing a place to live in Bakersfield, self-applicators in both locations,
and males in SAMO were more likely to approve greater availability of rodenticide
products. For AvailElimEff (Table 7), there were no significant variable relationships for
Bakersfield, but for SAMO, females were more likely to prefer greater availability of
products if unintended effects were eliminated. For all three dependent variables in both
locations, effect sizes suggested relatively strong relationships for the background variables
of age and personal relationship with the environment. Applicator also had a relatively
strong effect on AvailUse.


The non-response follow-up survey (n=478; Bakersfield n=269; SAMO n=208; 8%
response rate) indicated that the most common reason for not completing the original
survey was that respondents did not receive a copy of the original survey. We suspect that
individuals who have moved to the area since survey implementation are included here.
The frequency of attempts to control rodents was actually greater for the respondents in the
non-response follow-up (Bakersfield=52%; SAMO=69%) versus those for the original survey
(Bakersfield: Χ2=6.626, df=1, p=0.010, Cramer’s V=0.08; SAMO: Χ2=8.405, df=1, p=
0.004, Cramer’s V=0.00). Although home ownership was not used in the analysis above,
non-response survey respondents were less likely to own their own homes (Bakersfield=
69%; SAMO=76%) than those who responded to the original survey (Bakersfield=81%;
SAMO=84%; Bakersfield: Χ2=13.421, df=1, p=0.000; SAMO: Χ2=9.728, df=1, p=0.002).
Sex of respondents did not vary between the original and non-response follow-up survey for
either location (Bakersfield: Χ2=0.341, df=1, p=0.559, Cramer’s V=0.56; SAMO: Χ2=
0.205, df=1, p=0.651, Cramer’s V=0.65). Non-response follow-up respondents were
younger than those from the original survey in both locations (Bakersfield: 58% versus
65% born before 1960, respectively; SAMO 63% versus 67% born before 1960,


Table 3 Event that triggered respondent animal control on propertya


Reason Percent of respondentsb


Bakersfield n=303 SAMO n=708


Indoor observation of pests 44 46


Outdoor observation of pests 69 67


Property damage on own property 30 41


Property damage on neighbor’s property 3 6


Damage to own landscaping 17 44


Damage to neighbor’s landscaping 3 6


Have not seen animals; preventive use 2 3


Part of routine treatment by hired company 6 13


Otherc 14 11


a Results are limited to respondents who reported animal control on their property
b Respondents were asked to “select all that apply.” Hence numbers do not add to 100%
c “Other” causes from both locations: chased or caught by pets, concern about insanitariness, disease, or pets,
damaged tree fruit or vegetables, running or chewing noise or dead animal smell in attic, crawl space,
ductwork, or walls, and observed feces,. From Bakersfield: help control cat population, holes and dirt
mounds, love of killing them, observed nest material, observed eating pet food, observed in trash, and
running or chewing noises in attic or walls. From SAMO: chewed plastic material or wires in car, chewed spa
hoses, consumed food in house or garage, consumed birdseed in house, hate presence, observed dead animal,
other units on property had pests, and part of real estate agreement
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respectively); this difference was significant for Bakersfield (Χ2=3.857, df=1, p=0.050,
Cramer’s V=0.05) but not for SAMO (Χ2=1.734, df=1, p=0.188, Cramer’s V=0.19).
Respondents to the non-response follow up survey were also more likely to have college
degrees (Bakersfield=51%; SAMO=75%), than those who answered the original survey


Table 5 Concern about chemical rodenticides affecting wildlife


% Respondentsa


Bakersfield n=695 SAMO n=1,129


How concerned would you say you are that chemical rodenticides may be affecting wildlife in your area?


Very concerned 28 38


Somewhat concerned 44 42


Not concerned 29 20


a Columns not summing to 100% is a result of rounding


Table 4 Animal control products used by survey respondentsa


Product type Percent of respondentsb


Bakersfield SAMO


Physical (n=260 and 699, respectively)


Snap traps 53 59


Glue boards 33 26


Live traps 15 17


Shooting 3 4


Electricity (e.g., rat zapper) 2 5


Unsure 6 11


Otherc 28 25


Chemical (n=141 and 340, respectively)d


Anticoagulants (e.g., d-Con) 47 36


Dehydration (e.g., Rodetrol) 7 9


Fumigants (e.g., gas canisters) 8 11


Nerve agent (e.g., Bromethalin) 0 2


Zinc phosphide (e.g., Ratol) 1 3


Unsured 39 46


Othere 16 13


a Results are limited to respondents who reported animal control on their property
b Respondents were asked to “select all that apply.” Hence, numbers do not add to 100%
c “Other” physical from both locations: other pets, high-frequency electronics, predator excrement, fencing,
foam, shovel, and water. Bakersfield: aerosols, asking residents not to feed them, cage, removing climbable
plants, and noisy windmill device. SAMO: blood meal, cayenne, garlic, relocate, and wire screening
d Respondents answered “yes” to whether chemicals are used on their property, but were unsure exactly what
kind of chemical products. Comparatively, 12% (n=28) and 17% (n=99) of Bakersfield and SAMO
respondents, respectively, were unsure whether any chemicals were used on their property
e “Other” chemical from Bakersfield: boric acid, and septic treatment. “Other” chemical from SAMO: flares,
gopher cookies, liquid fence, putrescent whole egg solids, and strychnine
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(Bakersfield: Χ2=6.943, df=1, p=0.008, Cramer’s V=0.01); (SAMO: Χ2=7.439, df=1, p=
0.006, Cramer’s V=0.01).


Discussion


Urban areas provide important contexts for studying interactions between and resulting
dynamics of ecological and social systems (Grimm et al. 2008; Liu et al. 2007). To our
knowledge, this is among few attempts to directly link mechanisms of rodent control
activity, human awareness about how actions may affect the local ecosystem, and impact of
the human activity (i.e., non-target rodenticide effects on local wildlife) on urban
ecosystems.


Pest control was ubiquitous across respondents from both locations, and there existed a
diversity of selected control products and practices. Although observation of pests or
damage caused by them was the most common event that triggered control activity, the two
locations were compositionally different (relatively larger residential lot sizes and
prevalence of lower density development of SAMO versus the discrete urban setting of
Bakersfield), which partially may explain the preponderance of reports of pest damage to
landscaping for SAMO. Anticoagulants were the most commonly used chemical product in
both areas, but they were used by a relatively small percentage (approximately 8% of
Bakersfield and 10% of SAMO) of all respondents to our survey. While beyond the scope
of our data, if this small percentage of residential anticoagulant users is consistent across
the landscape, then it may be possible that a relatively small presence of a chemical may
have a significant impact on local wildlife.


Within a broader social context, our results support trends in human dimensions of
wildlife research to some extent, yet allow us to expand our knowledge within a new
context related to rodent control. Attitudes toward rodents were near the high (i.e., negative)
end of our scale score range. While mammals typically are favored for conservation (Czech
et al. 1998), rats, which were among the most commonly controlled for species (Morzillo


Table 6 Regression model and effect size (Eta) for attitudes toward rodents (AttRodents)a


Bakersfieldb n=703 SAMOc n=1,173


Model β t Eta β t Eta


EnvAct −0.021 −0.442 0.34 0.063 1.671 0.32


WldfAct −0.102 −2.159* 0.26 −0.144 −3.766* 0.21


NatReside 0.003 0.079 0.17 −0.039 −1.029 0.15


Hhsize 0.073 1.308 0.14 0.092 2.070* 0.06


Children 0.086 1.542 0.08 0.039 0.876 0.03


Pets −0.023 −0.550 0.00 −0.060 −1.753 0.09


Sex (female=1) 0.152 3.636* 0.12 0.101 2.990* 0.08


Age 0.104 2.250* 0.38 0.156 4.314* 0.28


Education −0.018 −0.402 0.08 −0.078 −2.307* 0.10


Income 0.032 0.723 0.12 −0.051 −1.409 0.11


a Standardized coefficients; an asterisk (*) denotes significance at the 95% confidence level
b R2 =0.230, F=3.360, p<0.000
c R2 =0.066, F=6.499, p<0.000
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unpublished data), have ranked beside cockroaches, mosquitoes, and wasps among
Americans’ least favorite species (Kellert and Berry 1980). Batt (2009) suggested that
perhaps the negative perception of rats by humans is a fear-related response because of an
association of rats with disease. The direct relationship between attitudes toward rodents
and control may support this psychological linkage, as a majority of statements that
factored together in construction of the AttRodents variable were related concerns about
welfare as a result of rodent presence.


Results of regression analysis were consistent with other studies about relationships
between demographic and socioeconomic variables and attitudes toward wildlife, yet
suggest some interesting differences. Among the stronger relationships, several studies have
reported older (versus younger) individuals to have relatively negative attitudes toward
wildlife (e.g., Bowman et al. 2004; Morzillo et al. 2007; Decker et al. 2001), whereas
attitude differences between sexes vary by situation. In addition, although more positive
attitudes toward wildlife are typically more likely among individuals with more formal
education (e.g., Bowman et al. 2004; Decker et al. 2001), this relationship was significant
only for SAMO. As a result of factor analysis, we suspect that the weak (but significant)
relationship between household size and attitudes toward rodents in SAMO is related to
concern about household welfare as a result of rodent presence. Conversely, we expected to
find consistently negative relationships between AttRodents (low scores were more positive
toward rodents) and environmental relationship variables, but analysis indicated otherwise.
This may be attributed to a difference in perceptions when dealing with wildlife when
viewed as a public good (Decker et al. 1996), versus when perceived as a nuisance at a
personal level (DeStefano and DeGraaf 2003), or within different contexts of human-
wildlife interaction with a particular species (Wittmann et al. 1998). Therefore, although
some attitudes-socioeconomic relationships were similar to other wildlife management
contexts, short-term welfare concerns may override broader personal environmental
relationships.


Demographic and socioeconomic relationships with AvailUse and AvailElimEff were not
consistent with those related to AttRodents. Compared to males, the more negative attitudes
toward rodents yet lower AvailUse scores among females may be attributed to men
assuming more responsibility for home maintenance and yard care. Koval and Mertig
(2004) reported that men were more supportive of lethal wildlife management than women,
which may explain gender differences related to control product availability. Women may
not like rodents, but may also not want to harm them during removal from their property.
Female desire not to harm rodents may explain why women were not as supportive as men
of unrestricted use of control products. Likewise, we suspect that the relatively greater
AvailElimEff scores among women also may be attributed to a female desire to not harm
other living things (Koval 2002). Other studies suggest that concerns about disease often
correspond to public acceptance of lethal means to control urban wildlife (Wittmann et al.
1998); support for this conclusion exists here as well. Although beyond the scope of our
data, we suspect the inverse relationship between NatReside and AvailUse for Bakersfield is
related to personal importance of nature to quality of life (e.g., Kaplan et al. 2004).


Potentially worrisome is the considerable uncertainty among respondents about whether
or which chemical products were used on their property. Elsewhere on the survey, some
respondents expressed concern about warnings posted on their property about use of
chemicals, but experienced difficulty in acquiring any information about specifics of
products used related to these warnings. Although it is possible that such warnings were
related to regular use of common pest control products, Flint (2003) observed that products
not registered by the government are available for sale and use in California. Our results do
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not imply that unregistered products were used by residents within the study areas, but
respondents named some interesting remedies that may suggest improper use of particular
chemical products. For example, a common biologically based household septic system
treatment was named as a product used for targeting rodents. Transparency from property
managers about product use may allow residents to seek information about chemical
treatments on their property and self-assess for their own health and safety.


Generally, our results suggest disconnect between human activity that seeks to improve
perceived quality of life (i.e. control of pests) and inadvertent environmental effects of these
actions among respondents. For instance, on another portion of the survey, a majority of
respondents indicated that they received adequate human and pet safety information from
product packaging or third-party applicators, but fewer than half felt that product packaging
or third-party information about product environmental safety was adequate (Morzillo
unpublished data). Additionally, fewer than half of all chemical product users (38%
Bakersfield; 31% SAMO) reported knowing the chemical mechanism of products used on
their property (Morzillo unpublished data). However, providing knowledge about how a
product may affect other environmental components does not assure environmentally safe
use or application of pesticide products. Flint (2003) reported that even though more than
half of those surveyed in northern California were aware that pesticides applied in
residential areas affect water quality in nearby creeks, rivers, and bays, only about a quarter
of respondents changed their pest control practices as a result of this knowledge. A majority
of our respondents expressed at least some concern about the effects of chemical
rodenticides on local wildlife, but concern was not related to whether respondents practice
rodent control on their property (Bakersfield: Χ2=0.979, df=4, p=0.913; SAMO: Χ2=
2.489, df=4, p=0.647). We suspect that some general concern about wildlife may provide
interest among residents about how to use rodent control products in ways that minimize
risk to wildlife (e.g., limit anticoagulants to indoor use) or how to switch to more
environmentally friendly methods for outdoor pest control.


There are several limitations that suggest caution when interpreting our survey results.
First, many factors likely contributed to our low response rate. Government surveys
typically have lower response rates than academic-based surveys (Dillman 2000), for
reasons such as mistrust of the government (Morzillo unpublished data) and, as often
required in agency settings, use of a bulk mailing rate (Dillman 2000). Geographic
socioeconomics (USDC Census Bureau 2010) also may explain response rates. Respond-
ents to mail surveys, on average, tend to be slightly more educated and have higher incomes
compared to the general public (Dillman 1978; Groves 1989). Respondents to our original
survey were more likely to have earned a college degree than the local general public in
both locations (USDC Census Bureau 2010). However, it is of interest that non-response
follow up respondents were even more likely to have college degrees than those who
responded to the original survey.


Second, the proportion of our respondents who were homeowners (Bakersfield=81%;
SAMO=84%) was greater than is actually the case in the locations of interest (USDC
Census Bureau 2010) and greater than as reported from other pesticide use surveys for
California (Wilen 2001). Conversely, our non-response follow-up respondents were less
likely to own their own homes (Bakersfield: 69%; SAMO=76%) than respondents to the
original survey. Such inconsistencies may be attributed to renters dismissing the survey as
not applicable to them personally because a property manager or landlord assumes pest
control responsibilities (Wilen 2001). Although we did not survey property managers or
landlords in this instance, perhaps we more adequately captured information from those
who actually have control of rodent control practices (homeowners on their own property).
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It should be noted that he median age of our respondents was much greater than the median
age of the local population (USDC Census Bureau 2010). Younger residents, who may also
be less likely to own their own homes and therefore less likely in a position to control
rodents where they live, may have had less interest (or time) for completing our survey.


Finally, very few surveys were completed in Spanish, which suggests that non-English
speakers were underreported within these two locations that have relatively large Hispanic
and Latino populations (e.g., 41% of Bakersfield population is Hispanic or Latino, and 35%
speaks a language other than English at home; USDC Census Bureau 2010). We are unsure
of the implications of the aforementioned limitations for our results, and urge readers to use
caution when generalizing our results to a larger population.


In conclusion, although attention has been given to human exposure to pesticides (e.g.,
Ritz and Yu 2000) and use in urban areas (e.g., Whitmore et al. 1994; Wilen 2001), our
knowledge of household pesticide use and its ecological effects is lacking (e.g., Erickson
and Urban 2004; Flint 2003; Wilen 2001). Approximately 9% of our respondents used
anticoagulants, our particular pesticide class of interest, but our respondents also indicated
that knowledge about how rodent control products may affect the environment is not
reaching product users as well as possible. In addition, personal welfare may trump
individual attitudes toward the environment as residents primarily view conflict with
rodents as nuisance rather than a component of the surrounding ecosystem. Although we
appreciate that resident ability to control pests is an important factor related to quality of
life, our results highlight potential focal areas for policy evaluation related to both the 2008
EPA and urban wildlife management, including providing more-explicit information to
product users about potential environmental effects of rodent control products.
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